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INFORMATION DISPLAY APPARATUS 
BACKGROUND OF THE INVENTION 
Technical Field 

[0001] The present invention relates to a display apparatus that can be carried anywhere 

conveniently. Further, the display apparatus of the present invention also includes a display 
apparatus having functions as a computer and a TV receiver, a phone function, a mobile 
communication function such as an automatic ticket gate, ETC, RFED, DSRC, and the like as a 
target and also means an ordinary mobile information processing apparatus. 

Background Art 

[0002] Recently, functions of mobile information processing apparatuses such as a mobile 

personal computer, a mobile phone, and the like are increasingly sophisticated. However, it 
cannot be said that personal computers are excellent in portability with respect to weight and size. 
Further, a mobile phone is defective in that a screen is small and difficult to be seen and its 
operationality is bad. 

[0003] In contrast, an electronic paper and an organic EL (organic LED) are available as a 

flat display. In the electronic paper, colored particles disposed in microcapsules are displayed by 
being displaced or inverted by an electric field and a displayed state is held when no electric field 
is applied. The organic LED emits light by pouring electrons and electron holes into an organic 
substance and recoupling them. The following patent documents 1 to 3 are documents as to the 
electron paper, and the following patent documents 4 to 9 are documents as to the organic EL. 
Further, the following patent documents 10 to 12 are documents as to folding and 
accommodation of a display. 

Patent Document 1: Japanese Unexamined Patent Application Publication No. 11-327470 
Patent Document 2: USP No. 4,143,103 
Patent Document 3: USP No. 4,126,854 

Patent Document 4: Japanese Unexamined Patent Application Publication No. 2002-305077 
Patent Document 5: Japanese Unexamined Patent Application Publication No. 2002-260855 
Patent document 6: Japanese Unexamined Patent Application Publication No. 10-340781 
Patent document 7: Japanese Unexamined Patent Application Publication No. 10-237439 
Patent document 8: Japanese Unexamined Patent Application Publication No. 10-289785 
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Patent Document 9: Japanese Unexamined Patent Application Publication No. 2003-147345 
Patent Document 10: Japanese Unexamined Patent Application Publication No. 2002-300506 
Patent Document 11: Japanese Unexamined Patent Application Publication No. 2004-32196 
Patent Document 12: Japanese Unexamined Patent Application Publication No. 7-230250 
[0004] Although thin film flat displays have been developed, since they are formed on a 

glass substrate, flexibility is not taken into consideration at all. Further, in the technology 
disclosed in Japanese Unexamined Patent Application Publication No. 7-230250 of the patent 
document 12 enhances portability of an information processing apparatus by dividing a display 
and folding or assembling it. However, in a system for gathering divided panels using a liquid 
crystal and the like, since frames in which no pixel exists are inevitably formed around the 
peripheries of respective panels, even if the divided panels are unfolded to an overall screen, it is 
difficult to get view of the screen due to frame lines existing in the screen. Further, the 
technology disclosed in Japanese Unexamined Patent Application Publication No. 2004-32196 of 
the patent document 11 proposes a display in which a liquid crystal sheet is taken up when the it 
is accommodated. However, this technology is impracticable because the liquid crystal sheet is 
required to have two contradict characteristics, that is, rigidity for keeping it flat when it is 
unfolded to a flat sheet and softness for taking up it to a columnar shape. 

SUMMARY OF THE INVENTION 
[0005] Accordingly, an object of the present invention is to enhance portability and 

operationality of an information display apparatus so that a screen can be accommodated 
compactly. 

[0006] Further, another object of the present invention is to provide an information display 

apparatus that has a screen capable of being accommodated compactly and unfolded widely in 
use and is excellent in portability. 

[0007] The present invention has novelty and an inventive step in an innovative approach 

of blending an age-old technology with a latest technology. 

[0008] It should not be understood that all the inventions have all the objects of the above 

invention, and it is sufficient that respective inventions have respective objects. 
[0009] A first exemplary aspect of the present invention is an information display 

apparatus characterized by being composed of a pair of main ribs located at both ends, a plurality 
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of intermediate ribs interposed between the main ribs, a pivot for turnably fixing the main ribs 
and the intermediate ribs in a root portion, and a fan face joined to the intermediate ribs between 
the pair of main ribs as well as openably/closably bent like bellows, wherein at least a part of the 
fan face is composed of a thin film flat display formed on a flexible and bendy thin film or a thin 
film flat display formed on a flexible and bendy thin film is disposed to at least a part of the fan 
face. 

[0010] The first exemplary aspect of the present invention is a display apparatus similar to 

a Japanese fan. The display apparatus is provided with the pair of main ribs and the plurality of 
intermediate ribs interposed between the pair of main ribs to unfold a screen to flat. In a state 
that the display apparatus is closed, the fan face is accommodated between the pair of main ribs. 
The fan face is joined to the pair of main ribs at both the ends and joined to all the intermediate 
ribs between the pair of main ribs. The pair of main ribs and the intermediate ribs interposed 
between them are bundled by the pivot in the root portion. The intermediate ribs and the fan face 
are unfolded flat by being guided by the main ribs acting as start ends by the action of the pivot. 
Note that although the fan face, the main ribs, the intermediate ribs, and the pivot are terms used 
in the Japanese fan, it should be interpreted that these terms mean portions having the same 
functions as the respective elements of the Japanese fan. 

[0011] The first exemplary aspect of the present invention is characterized in that at least a 

part of the fan face is arranged as a screen paying attention to the accommodating and unfolding 
function of the Japanese fan. In this case, the fan face may be composed of the thin film flat 
display formed on the flexible and bendy thin film. That is, the fan face itself, which is bent to a 
bellows state and unfolded into a flat state, may be composed of the flexible and bendy thin film 
flat display. Otherwise, the fan face may be composed of a material constituting a fan face of a 
Japanese fan such as Japanese paper, silk, and the like which are convenient to an open/close 
operation, and the flexible aind bendy thin film flat display may be disposed to the overall portion 
or at least a part (most preferably to a central portion of the fan face when it is unfolded into a 
flat state) of the fan face. 

[0012] When the fan face itself is arranged as the thin film flat display, the overall 

unfolded fan face may be arranged as an image screen or a part of the fan face may be arranged 
as the image screen. Since the fan face is made by cutting a rectangular flat surface to a fan 
shape and an electrode matrix is formed on the rectangular flat surface, an image region on the 
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fan face is formed to a rectangular shape (is not formed to a fan shape). This is the same when 
the overall fan face is arranged as the screen and when the region of a part of the fan face is 
arranged as the screen. Further, a flexible and bendy thin film flat display arranged separately 
from the fan face may be joined to a part of the fan face. Further, the thin film flat display may 
be formed on a front surface, a back surface, or both the surfaces of the fan face. When the thin 
film flat displays are formed on both the surfaces, it is possible to display the same image to a 
person holding the fan and to a person in confrontation with the person at the same time. 
[0013] When an outer peripheral portion of the fan face (a peripheral portion with a large 

radius far from the pivot) and an inner peripheral portion of it (a peripheral portion with a small 
radius near to the pivot) are composed of concentric arcs about the pivot and folding lines used to 
fold the fan face are formed radially so as to pass through the center of the pivot, it is possible to 
make the fan face flat when it is unfolded. More specifically, in an ordinary Japanese fan, 
folding lines of a fan face do not pass through the center point of a pivot, and strips formed by 
the folding lines have a width larger than a width of a portion to which a geometrically strict fan 
shape corresponds, thereby when the fan face is unfolded, it rises and falls like a wave. The first 
exemplary aspect of the present invention may be arranged such that the fan face rises and falls 
like a wave when it is unfolded. However, when it is arranged as described above, the fan face is 
made to a flat surface when it is unfolded, thereby an easily viewable image can be displayed. In 
this case, an image formed on the fan face has no distortion, which is preferable to the first 
exemplary aspect of the present invention. Further, it is also possible to unfold the fan face such 
that mountains and valleys are repeated as in an ordinary Japanese fan. In this case, when the 
intermediate ribs have narrow intervals, a cycle of repetition of the mountains and the valleys of 
the fan face is made short. Since a shorter cycle makes the valleys shallower, distortion of an 
image formed on the fan face is reduced. However, when an image formed on the fan face is 
unfolded in a horizontal direction according to the angles of the mountains and the valleys of the 
fan face such that an image obtained by projecting the image onto a horizontal surface is made to 
a normal image, distortion of the image caused by the mountains and the valleys of the fan face 
can be corrected. The thin film flat display may be composed of any display and is not 
particularly limited as long as it is formed on a film-like sheet member, which is composed of a 
flexible and bendy thin film, for example, a resin film, shape memory resin film, shape memory 
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metal thin sheet, metal thin sheet, Japanese paper, silk, and the like, and has a flexible and bendy 
property in its entirety. 

[0014] A second exemplary aspect of the present invention is an information display 

apparatus characterized by being composed of a pair of main ribs located at both ends, a plurality 
of intermediate ribs interposed by the main ribs, a pivot for turnably fixing the main ribs and the 
intermediate ribs in a root portion, and a fan face joined to the intermediate ribs between the pair 
of main ribs as well as openably/closably bent like bellows, wherein in an unfolded state of the 
fan face, a thin film flat display formed on a flexible and bendy thin film is made to a flat surface 
and joined to the vertex portions of mountains of the fan face so that the mountains of the fan 
face are joined in at least a part of the fan face, and when the fan face is folded, the thin film flat 
display is folded to valleys of the fan face along it in association with the folding operation. 
[0015] In the second exemplary aspect of the present invention, the thin film flat display is 

joined to the mountains of the fan face in a flat state such that when the fan face is unfolded, 
many mountains of the fan face are joined. More specifically, the second exemplary aspect of the 
present invention is characterized in that when the fan face is unfolded, the thin film flat display 
is made flat in place of that it is formed to a wave shape. It is needless to say that the thin film 
flat displays may be disposed on both the surfaces of the fan face. The thin film flat display may 
be disposed to join many mountains over the entire fan face or may be disposed to the region of a 
part of the fan face. When the thin film flat display is disposed to the region of the part in a flat 
state, it is preferably disposed to a central portion of the unfolded fan face. When the fan face is 
folded, the thin film flat display is also folded to the valleys of the fan face. At the time, it is 
preferable to join the valleys of the fan face to a back surface of the thin film flat display with 
strings or to join them vertically with strip-shaped flat sheets. According to this arrangement, 
when the fan face is folded, since the valleys of it are made deep, the strings and the flat sheets 
pull the back surface of the thin film flat display toward the valleys, thereby the thin film flat 
display can be smoothly folded to the valleys of the fan face. The other description of the first 
exemplary aspect of the present invention is also applied to the description of the second 
exemplary aspect of the present invention. 

[0016] A third exemplary aspect of the present invention is an information display 

apparatus according to the first or the second exemplary aspects of the present invention which is 
characterized in that the thin film flat display is an organic EL display or an electronic paper. 
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When the thin film flat display is composed of the organic EL display or the electronic paper, it 
can be provided with a flexible and bendy property and formed very thin. The organic EL 
display or the electronic paper can be formed on an organic film, a Japanese paper, fiber such as 
silk, cotton, and the like, and other thin films. In particular, since respective layers of the organic 
EL display have a thickness of 10 nm to 100 nm, it is possible to make an overall thickness of it 
including a thin film as a substrate to 0.2 nm or less. In the case of the first exemplary aspect of 
the present invention, when the fan face itself is composed of the organic EL display, since the 
organic EL display has the flexible and bendy property when it has a thickness of 2 mm or less, 
no problem occurs when the fan face is folded and unfolded. Although it is contemplated that the 
fan face preferably has a thickness of 0.2 - 0.1 mm, since the thickness of it depends on the 
number of folds and flexibility, the upper and lower limits of the thickness of it are not 
particularly limited. When the thin film flat display is joined to the fan face in the first 
exemplary aspect of the present invention or when the thin film flat display is joined to the 
mountains of the fan face in the second exemplary aspect of the present invention, it is preferable 
that the thin film flat display be thinner. 

[0017] A fourth exemplary aspect of the present invention is an information display 

apparatus according to any one of the first to the third exemplary aspects of the present invention 
which is characterized in that a keyboard is disposed to a main rib. The main ribs may be cases 
also in the first to the third exemplary aspects of the present invention. The keyboard may be 
disposed on a front surface of the main rib or in an inside of it, that is, in an inside space of the 
main rib under a lid of an open/close lid disposed to the main rib. A switch mechanism of the 
keyboard may be arranged arbitrarily. It may be optionally arranged as a button or touch type 
switch or a membrane switch. Further, the main rib may be provided with a small display for 
permitting manipulation through the keyboard to be carried out smoothly and data 
communication with the outside to be easily carried out even if the information display apparatus 
is closed. 

[0018] A fifth exemplary aspect of the present invention is an information display 

apparatus according to any one of the first to the fourth exexmplary aspects of the present 
invention which is characterized in that keyboards composed of touch switches are disposed to 
intermediate ribs. A plurality of switches may be disposed to intermediate ribs likewise. In this 
case, when the fan face is unfolded, data input manipulation can be carried out through the 
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keyboard. Since it is necessary to close the fan face, these switches must be composed of a thin 
film. Further, it is preferable to form concave portions on front surfaces of the intermediate ribs 
to prevent surfaces of the switches from projecting from the front surfaces of the intermediate 
ribs so that the fan face can be smoothly opened and closed. 

[0019] A sixth exemplary aspect of the present invention is an information display 

apparatus according to any one of the first to the fifth exexmplary aspects of the present 
invention which is characterized in that a computer system for information processing is disposed 
to the main rib. When the main rib is arranged as the case, the computer system may be disposed 
in it. Further, the main rib may be formed of resin integrally with the computer system (CPU, 
ROM, RAM, etc.). With this arrangement, the display apparatus of the sixth exemplary aspect of 
the present invention acts as an information processing apparatus. 

[0020] A seventh exemplary aspect of the present invention is an information display 

apparatus according to any one of the first to the sixth exexmplary aspects of the present 
invention which is characterized in that a microphone and a speaker are mounted on the main rib, 
an antenna is mounted on the main rib or an intermediate rib is used as an antenna to permit 
communication of audio, image or data to the outside. The respective components may be 
accommodated in the cases of the main ribs or may be embedded in the main ribs by being 
molded of resin integrally with the main ribs. 

[0021] An eighth exemplary aspect of the present invention is an information display 

apparatus which is characterized by being composed of a thin film flat display formed on a 
flexible thin film, a hold means for holding the thin film flat display from a back surface such 
that it is joined to front surfaces of a plurality of rigid rectangular substrates when they are 
arranged on a flat surface, a case for accommodating the thin film flat display, and a take-up unit 
disposed in the case for taking up and accommodating the thin film flat display together with the 
holding means in the case using a direction parallel with a long side of the substrate as an axis. 
[0022] The eighth exemplary aspect of the present invention is the information display 

apparatus for permitting a screen to be taken up. To permit the thin film flat display to be taken 
up, it must be thin and flexible. However, the thin film flat display arranged thin and flexible is 
defective when it is used by being unfolded flat because it is difficult to be kept flat. To cope 
with this problem, the eighth exemplary aspect of the present invention has a feature in that the 
plurality of rectangular substrates are continuously disposed on the back surface of the thin film 
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flat display and joined thereto. With this arrangement, the substrates can be taken up with the 
thin film flat display facing inward. Further, when the plurality of rectangular substrates are 
unfolded flat, since they continuously constitute a flat sheet in their entirety, they are neither 
curved nor bent in such a manner that the thin film flat display faces outside (it is made convex 
outward). Accordingly, when a screen is unfolded flat, the resultant screen has a good flatness 
keeping property. Further, a certain degree of resistant force can be generated by engaging 
adjacent substrates with each other by claws when bending force acts with the thin film flat 
display facing inward. With this arrangement, the screen can be kept flat more excellently. 
However, when the thin film flat display is taken up, the claws must be easily removed so that it 
can be taken up. 

[0023] A ninth exemplary aspect of the present invention is an information display 

apparatus according to the eighth exemplary aspect of the present invention which is 
characterized in that a magnet is disposed to at least one of two confronting side walls of adjacent 
substrates. In the ninth exemplary aspect of the present invention, the magnets are bonded to or 
embedded in the confronting side walls of the substrates in place of the claws. With this 
arrangement, when the substrates are unfolded flat, a flat sheet can be formed by joining the 
substrates with each other on the side walls by the attracting force of the magnets. When the 
magnet is disposed to one of adjacent substrates, the other substrate must be composed of a 
magnetic substance or at least the portion of the side wall of it in contact with the magnet must be 
composed of the magnetic substance. When the magnets are disposed to the side walls of both 
the substrates and the attracting force of the confronting magnets is used, the substrates may be 
composed of any of the magnetic substance and a non-magnetic substance. Further, contact 
regions of two adjacent substrates may be divided into two portions and the magnets may be 
disposed to the other portions of the substrates. In this case, at least the portion of a substrate, 
which confronts with a magnet and comes into contact with the magnet must be composed of the 
magnetic substance. 

[0024] A tenth exemplary aspect of the present invention is an information display 

apparatus characterized by being composed of a thin film flat display formed on a thin film 
composed of at least one of flexible shape memory alloy, shape memory resin, shape memory 
alloy fiber, and shape memory resin fiber, a case for accommodating the thin film flat display, an 
accommodation unit disposed in the case for accommodating the thin film flat display by taking 
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up or folding it, and a heat means for heating the thin film flat display when it is accommodated 
or unfolded. 

[0025] An eleventh exemplary aspect of the present invention is an information display 

apparatus according to any of the eighth to the tenth exemplary aspects of the present invention 
which is characterized in that the thin film flat display is an organic EL display or an electronic 
paper. The matters described in third exemplary aspect of the present invention are also applied 
to the eleventh exemplary aspect of the present invention. 

[0026] Further, a twelfth exemplary aspect of the present invention is an information 

display apparatus according to any one of the eighth to the eleventh exemplary aspects of the 
present invention which is characterized in that a keyboard is disposed to the case. Since the case 
corresponds to the main rib of the first to the seventh exemplary aspects of the present invention, 
the matters described in these exemplary aspects of the present invention are also applied to the 
twelfth exemplary aspect of the present invention. 

[0027] A thirteenth exemplary aspect of the present invention is an information display 

apparatus according to any one of the eighth to the twelfth exemplary aspects of the present 
invention which is characterized in that a computer system for information processing is disposed 
to the case, and a fourteenth exemplary aspect of the present invention is an information display 
apparatus according to any one of the eighth to the thirteenth exemplary aspects of the present 
invention which is characterized in that the case accommodates a microphone, a speaker, and an 
antenna to permit communication of audio, image or data to the outside. 

[0028] The description of the sixth and the seventh exemplary aspects of the present 

invention is also applied to the fourteenth exemplary aspect of the present invention. 
[0029] A fifteenth exemplary aspect of the present invention is an information display 

apparatus according to any one of the first to the ninth exemplary aspects of the present invention 
or the eleventh to the fourteenth exemplary aspects of the present invention which is 
characterized in that the thin film is composed of at least one of shape memory alloy, shape 
memory resin, shape memory alloy fiber, and shape memory resin fiber. With this arrangement, 
when a screen is used, it is possible to enhance flatness and a flatness keeping property of an 
image surface, whereby a more easily observable image can be provided. 

[0030] A sixteenth exemplary aspect of the present invention is an information display 

apparatus according to the fifteenth exemplary aspect of the present invention which is 
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characterized by being composed of a means for heating the thin film. The heat means can 
enhance flatness and a flatness keeping property when the screen is used, and the screen can be 
easily folded and taken up when it is accommodated. 

[0031] The first exemplary aspect of the present invention is the information display 

apparatus in which at least a part of the fan face of the fan is arranged as the flexible and bendy 
thin film flat display or the flexible and bendy thin film flat display is disposed to at least a part 
of the fan face. Accordingly, since the information display apparatus can be carried in a folded 
state, it can be made to an information display apparatus very excellent in portability regardless 
that it has the large display screen. Further, since the large screen can be obtained by unfolding 
the fan in use, usability of the information display apparatus is enhanced. 

[0032] Further, in the second exemplary aspect of the present invention, the flexible and 

bendy thin film flat display is disposed to at least a part of the fan face in a flat state so that the 

mountains of the fan face are joined together when the fan face is unfolded. With this 

arrangement, when the fan face is unfolded, a flat screen can be obtained regardless that the fan 

face is made to a wave shape, thereby distortion of the screen can be prevented. 

[0033] In the third exemplary aspect of the present invention, the arrangement of the 

invention can be easily realized by composing the thin film flat display, which is formed on the 

flexible and bendy thin film, of the organic EL display or the electronic paper. 

[0034] In the fourth exemplary aspect of the present invention, since the keyboard is 

disposed to the main rib, manipulation for data communication to the outside can be carried out 

even in a state that the apparatus is closed. 

[0035] In the fifth exemplary aspect of the present invention, since the keyboards 

composed of the touch switches are disposed to the intermediate ribs, the keyboards can be easily 
manipulated while observing a screen in a state that the information display apparatus is unfolded. 
[0036] According to the sixth and seventh exemplary aspects of the present invention, 

since the function components are mounted on the main ribs, the information display apparatus 
of the invention is arranged as an information display apparatus that has many functions as a 
television, a phone, data communication, a computer, the Internet communication, and the like 
and is excellent in portability and usability. 

[0037] According to the eighth exemplary aspect of the present invention, the screen is 

unfolded flat in use, and, when the screen is carried, it is taken up and accommodated in the case. 
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Accordingly, the apparatus is arranged as an information display apparatus very excellent in 
portability and usability. In particular, since the screen unfolded in use is made to a rectangular 
flat surface, an image can be easily observed as well as an efficiency of use of the screen is 
increased. Further, since the plurality of rectangular substrates are arranged as the flat surface 
and the thin film flat display is joined onto the flat surface, it can be easily bent inward and 
cannot be bent outward. With this arrangement, the flat surface keeping property of the thin film 
flat display is enhanced regardless of its minute thickness. Further, take-up manipulation can be 
smoothly carried out. 

[0038] In the ninth exemplary aspect of the present invention, when the thin film flat 

display is unfolded, since adjacent substrates are attracted by the magnets disposed on the side 
surfaces of them, the plurality of substrates are made to a single flat sheet. As a result, the thin 
film flat display on the substrates can keep a flat state when it is unfolded. Further, when the thin 
film flat display is taken up inward for accommodation, force for separating the substrates 
against the attracting force of the magnets act on them, whereby gaps are made between adjacent 
substrates, and thus the substrates can be taken up easily. 

[0039] In the tenth exemplary aspect of the present invention, when the thin film flat 

display is accommodated in the case or pulled out from it and unfolded flat, it is thermally 
deformed so that it can be easily accommodated and unfolded. For example, when a thin film is 
composed of shape memory resin and super-elasticity is utilized, since the flexibility of the thin 
film is increased by heat, it can be easily taken up and folded as well as can be easily unfolded 
flat. Further, after the thin film is unfolded flat, since it is released from heat and cooled, it is 
made hard and kept in a flat state so that a screen can be easily observed. Further, when shape 
memory characteristics of shape memory alloy, shape memory resin and fiber (nonwoven fabric) 
of them are utilized in the thin film flat display and a shape of it when it is unfolded flat is stored 
to it, it can be unfolded flat and can keep a flat shape. Inversely, when a take-up shape and a 
folded shape is stored to the thin film flat display, an accommodated state of it can be realized. 
In this case, since the thin film flat display has flexibility in a cooled state, it can be unfolded into 
a flat state and has hardness to keep the flat state. With this arrangement, there can be obtained 
an advantage of making accommodation and unfolding easy. 

[0040] Further, the eleventh through the fourteenth exemplary aspects of the present 

invention have the same advantage as the third, fourth, sixth, and seventh exemplary aspect of the 
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present invention. In addition, the flatness and the flatness keeping property of the screen in use 
can be enhanced and the screen can be more easily accommodated by the arrangement of the 
fifteenth exemplary aspect of the present invention. 

[0041] The sixteenth exemplary aspect of the present invention can enhance flatness and 

accommodation easiness in unfolding by heating and cooling the arrangement of the fifteenth 
exemplary aspect of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] Fig. 1 is a perspective view showing an information display apparatus according to 

a specific embodiment of the present invention; 

Fig. 2 is a plan view showing a keyboard disposed to a main rib of the apparatus of the 
embodiment; 

Fig. 3 is a block diagram showing an electric arrangement of the apparatus of the 
embodiment; 

Fig. 4 is a sectional view showing an arrangement of an organic EL flat display used in the 
apparatus of the embodiment; 

Fig. 5 is a sectional view showing a relation between intermediate ribs and a fan face of 
the apparatus of the embodiment; 

Fig. 6 is a perspective view showing an information display apparatus according to 
another embodiment of the present invention; 

Fig. 7 is a sectional view showing a relation between a fan face of the apparatus of the 
embodiment and an organic EL flat display; 

Fig. 8 shows a behavior of the organic EL flat display when the fan face is folded; 

Fig. 9 is a plan view showing an information display apparatus according to another 
embodiment of the present invention; 

Fig. 10 is a sectional view showing a relation between a substrate of the apparatus of the 
embodiment and an organic EL flat display; 

Fig. 11 is a plan view showing an engagement mechanism for engaging adjacent 
substrates of the apparatus of the embodiment; 

Fig. 12 is a side elevational view showing a mechanism for accommodating the organic 
EL flat display in the apparatus of the embodiment; 
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Fig. 13 is a perspective view showing an information display apparatus according to 
another embodiment of the present invention; 

Fig. 14 is a perspective view showing an information display apparatus according to 
another embodiment of the present invention; 

Fig. 15 is a side elevational view showing an inside structure of an information display 
apparatus according to another embodiment of the present invention; and 

Fig. 16 is a side elevational view showing an inside structure of an information display 
apparatus according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION 
[0043] Detailed descriptions of exemplary embodiments of the invention will be explained. 
Although the following exemplary embodiments describe the invention, the scope covered by the 
right of the invention should not be restricted by the concreteness of the embodiments. Further, 
respective components can be arbitrarily and independently grasped, and inventions from which 
and to which arbitrary components of claims are deleted and added are also recognized in the 
description. 

Embodiment 1 

[0044] Fig. 1 is a perspective view of an information display apparatus 10 according to an 

exemplary embodiment of the present invention when it is unfolded. A pair of main ribs 12a, 12b 
are composed of resin, and both the ends of a fan face 14 are joined to the pair of main ribs 12a, 
12b. Further, many intermediate ribs 15 are disposed between the pair of main ribs 12a, 12b and 
turnably bundled by a passing-through shaft 16 in a root portion together with the main ribs 12a, 
12b. A pivot of a fan is formed by the passing-through shaft 16. The intermediate ribs 15 are 
composed of resin or metal. The extreme end portions of the intermediate ribs 15 are joined to 
the fan face 14. Specifically, the intermediate ribs 15 are joined to ever other wave-shaped faces. 
Further, in a state in which the information display apparatus 10 is unfolded, although the 
intermediate ribs 15 are in parallel with the faces of the main ribs 12a, 12b in the root portion, 
they incline along the inclination of the wave faces of the fan face 15 in the portions of them 
joined to the fan face 14. That is, since the intermediate ribs 15 have elastic force, they are 
twisted toward extreme ends. 
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[0045] Further, to permit manipulation for phone call and transmission/ reception of data 

to be carried out easily in a state in which the information display apparatus 10 is closed, a thin 
film flat display 18 is disposed on a front surface of the main rib 12a, and a keyboard 22 is 
disposed in a lid 20 that can be opened and closed using a shaft 21 acting as a turning shaft as 
shown in Fig. 2. 

[0046] The information display apparatus 10 is electrically arranged as shown in Fig. 3. 

The information display apparatus 10 is provided with a computer system such as a CPU 40 for 
information processing, a DSP 41 as an arithmetic operation unit for controlling a screen, a ROM 
42 and a RAM 43 for storing data, the keyboard 22 for inputting data, and the like. The 
information display apparatus 10 is further provided with a thin film flat display 30 on which a 
display image is created by the DSP 41, the thin film flat display 18 controlled by the CPU 40, a 
television receiver circuit 50, an audio/data transmission/reception circuit 51, and a speaker 52 
and a microphone 53 connected to the circuit 51. Further, a USB terminal 25 for carrying out 
wired data communication with the outside and a LAN terminal 26 are connected to the CPU 40, 
an antenna 36 for audio and data communication is connected to the audio/data 
/transmission/reception circuit 51, and an antenna 56 for receiving television signals is connected 
to the television receiver circuit 50. 

[0047] The portions on which these components are mounted will be explained. The 

computer system such as the CPU 40, the ROM 42, the RAM 43, the television receiver circuit 
50, and the audio/data transmission/reception circuit 51 are composed of an integrated circuit 70 
and disposed in the main rib 12a. The speaker 52 is disposed to the upper end of the main rib 12a, 
and the microphone 53 is disposed to the root portion of the main rib 12a. 

[0048] In contrast, a battery 28, an external memory 27 (a combination of a single or 

plural IC memories, bubble memories, fixed discs, and the like), an IC tag 60 (IC card and the 
like), and an antenna 36 are disposed in the other main rib 12b, and the USB terminal 25, the 
LAN terminal 26, charge terminals 29a, 29b are disposed on a side surface 24 of the main rib 12b. 
Further, transmission of signals and power between the respective units disposed to the main rib 
12b and the respective units disposed to the main rib 12a is realized by a flat cable 45 formed to a 
part on a lower surface of the fan face 14. Further, the television antenna 56 is composed of two 
intermediate ribs, two signal lines formed to the passing- through shaft 16 are connected to the 
antenna 56 which is connected to the integrated circuit 70 disposed in the main rib 12a through 
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the signal lines. In addition to the above, a not shown digital camera and digital voice recorder 
are disposed to the main rib 12a. 

[0049] In the embodiment, the fan face 14 is a thin film organic EL display formed on a 

flexible and bendy thin film. As shown in Fig. 4, the organic EL display has a cathode 110 
composed of Mg, Li alloy, etc., an electron injection layer 112, an electron transportation layer 
114, a hole block layer 116, a light emitting layer 118, a hole transportation layer 120, a hole 
injection layer 122, and an anode 124 composed of ITO (indium tin oxide) which are layered on 
a thin film 100 in this order. The cathode 110 is composed of many strip-shaped (parallel with 
the paper sheet) electrodes, and the anode 124 are composed of many strip-shaped (vertical to the 
paper sheet) electrodes. Further, a transparent resin film 126 is formed on the entire surface of 
the organic EL display to protect it. Fig. 4 shows only two pixels of the display. These layers are 
formed by vacuum evaporation using a metal mask. Further, it is also possible to use a thin film 
forming method using ion and radical together with plasma of a material gas. Further, it is also 
possible to use Japanese paper in place of the thin film 100. 

[0050] . Note that an organic material may be a low molecular organic substance or a high 
molecular organic substance. When the low molecular organic substance is used, the films are 
formed by the vacuum evaporation. However, when the high molecular organic substance is 
used, a spin coating method may be used in which after melted polymer is dropped onto a 
substrate, a uniform film is formed on the substrate by rotating the substrate. Further, when the 
high molecular organic substance is used, it is also possible to compose the organic EL display of 
only the light emitting layer or only the light emitting layer and the hole injection layer. 
[0051] Further, to realize full color, it is sufficient to separately carry out evaporation for 

each display unit using organic substances added with dyes of R, G, B as masks. For example, 
when it is assumed that Fig. 4 shows a full color display, Fig. 4 shows only two light emitting 
regions of R, G, B light emitting regions. In a full color display apparatus using a polymer 
material, there is used a method of forming films at predetermined light emitting points by ink- 
jetting liquids composed of organic substances added with R, G, B dyes. Further, an ink print 
method can be also used. 

[0052] A material used as the display 18 is composed of a metal complex, for example, 

heavy metal ions of iridium, platinum, and the like and rare earth metal ions of terbium, 
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europium, cerium, and the like disposed at a center and an organic substance (ligand) coupled 
with them around them. 

[0053] Since the materials and the manufacturing methods of the other organic EL 

displays are disclosed in detail in the patent documents described above, the methods disclosed in 
them can be used. In contrast, the thin film flat display used in the information display apparatus 
of this exemplary embodiment of the present invention has a feature in that an organic EL thin 
film flat display is formed on a flexible and bendy thin film 100. Accordingly, since citation of 
the patent documents 1 to 9 that disclose the manufacturing methods is sufficient to explain the 
manufacturing method of the organic EL display in detail, requirements for embodying the 
description can be satisfied by the patent documents. 

[0054] In Fig. 1, a screen is designed in a rectangular region shown by a region A. Signal 

lines 32, 34 are formed in the portion other than the rectangular region A to connect between the 
main ribs 12a, 12b and electrodes in the rectangular region A and to control display of pixels. 
With the above arrangement, an image is displayed on the rectangular region A under the control 
of the DSP 41. Further, the CPU 40 detects a manipulation input from the keyboard 22 and 
carries out a processing according to the manipulation. Since the antenna 36 is disposed in the 
main rib 12b, transmission and reception of audio and data to and from the outside can be made 
possible. Further, it is possible to receive television signals by the television antenna 56 
composed of the intermediate ribs and to display a video in the image region A. 
[0055] Further, a keyboard 71 may be disposed to the root portions of intermediate ribs 15. 

In this case, it is preferable to form recesses on the surfaces of the intermediate ribs 15 and to 
form the keyboard by disposing membrane switches and the like in the recesses so that the 
surface of the keyboard 71 does not project from the surfaces of the intermediate ribs 15. 
[0056] Further, as in Fig. 5, to sufficiently accommodate the folded fan face between 

adjacent intermediate ribs 15a, 15b, it is preferable to form root portions 150a, 150b of the 
intermediate ribs 15a, 15b thick and to form portions 151a, 151b to which the fan face 14 is 
joined thin. With this arrangement, the fan face 14 can be smoothly opened and closed. Further, 
although the fan face 14 is made to a fan shape as shown in Fig. 1 when it is unfolded, the upper 
side of the fan face 14 may be made straight when it is unfolded. That is, the fan face 14 may be 
formed such that a length in the intermediate rib direction of it is increased toward both the edges 
of the fan face 14 from the center of it. With this arrangement, since a large rectangular region 
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can be obtained when the fan face 14 is unfolded, the area of the image region A can be increased. 
Further, although the fan face 14 itself is arranged as the organic EL flat display, a rectangular 
organic EL display may be joined to the image region A on the fan face 14 and may be folded 
together with the fan face 14. 

[0057] According to the information display apparatus 10 of this exemplary embodiment, 

since the screen can be folded, the apparatus 10 can be carried conveniently, and since the screen 
can be unfolded flat in use, a large screen can be obtained and thus usability is enhanced. First, 
the apparatus of the exemplary embodiment can be used as a computer that can carry out 
communication. Second, the apparatus can be used as a television receiver. Third, the apparatus 
can be used as a mobile phone. Fourth, the apparatus can be also used for automatic payment in 
a ticket gate of transport facilities and in a bank account, as an electronic money card, a resident- 
registry card, an automatic ticket gate card of transport facilities, a distribution tag, and the like 
each making use of the IC tag 60. Fifth, the apparatus can be used for photographing by a digital 
camera, voice recording by a digital voice recorder, and the like, and moreover recorded data can 
be easily edited using the large screen. As described above, the apparatus can be used as an 
intelligent terminal with enhanced portability and usability. 

Embodiment 2 

[0058] In the second exemplary embodiment, an organic EL flat display is joined to 

mountains of the fan face 14 in the first exemplary embodiment. Fig. 6 is a perspective view, and 
Fig. 7 is a sectional view along an arc of Fig. 6. As shown in Fig. 6, the fan-shaped organic EL 
flat display 80 manufactured by the above method is provided so as to be joined to ridges lines 
141a of all the mountains of the fan face 14. An image region A is the same as the first 
exemplary embodiment. A back surface of the organic EL flat display 80 is connected to valleys 
141b of the fan face 14 through strings 81. The strings 81 may be disposed at a plurality of 
portions along a lengthwise direction of intermediate ribs 15. The strings 81 are stretched 
straight when the fan face 14 is unfolded flat. When the fan face 14 is folded, since the valleys 
141b are made deep as shown in Fig. 8, the strings 81 pull the organic EL flat display 80 from the 
back surface in a direction of the valleys 141b. As a result, since the organic EL flat display 80 is 
folded toward the valleys 141b at an initial time of start of folding of the fan face 14, it is 
smoothly folded to the valley portions of the fan face 14 by a subsequent folding operation. 
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Embodiment 3 

[0059] As shown in Figs. 9 and 12, an information display apparatus of the third 

exemplary embodiment has a case 90 as a main body disposed to it, and a keyboard 22 is formed 
on an upper surface of the case 90 as shown in Fig. 12. The same units as those disposed in the 
main ribs 12a, 12b shown in the first exemplary embodiment are disposed in the case 90. These 
units are collectively shown by 91 in Fig. 9. As shown in Fig. 10, many strip-shaped rigid 
substrates 92 composed of resin are disposed adjacent to each other in a flat state. Then, a 
rectangular organic EL flat display 93 is joined onto the flat sheet. 

[0060] Further, as shown in Fig. 11, a concave portion 92a and a convex portion 92b are 

formed on side surfaces 921, 922 of two adjacent substrates 92, 92. The concave portion 92a and 
the convex portion 92b are formed to an arc shape on the sides thereof in a turn direction so that 
the substrates can be turned smoothly with a contact line between the substrates 92, 92 on the 
organic EL flat display 93 side facing inward. The organic EL flat display 93 is also unlike to 
bent in an upward direction (convex in an anti- vertical direction) due to the engaging action of 
the concave portion 92a and the convex portion 92b in a state in which the organic EL flat 
display 93 is unfolded. With this arrangement, the organic EL flat display 93 is made stable in a 
flat shape when used, and thus usability can be enhanced. 

[0061] Further, the organic EL flat display 93 is accommodated in the case 90 by taking up 

it around a turning shaft 96 by the rotating force of a motor 95 with the inside surface of the 
display 93 facing inward. Further, a pair of rubber rollers 94a, 94b are disposed to the inlet of the 
case 90 so that elasticity is applied by clamping the substrates 92 and the organic EL flat display 
93 joined to them between the pair of rubber rollers 94a, 94b. With this arrangement, when the 
organic EL flat display 93 is taken up, the engagement between the concave portion 92a and the 
convex portion 92b of the substrate 92 can be easily loosened. Further, when the organic EL flat 
display 93 is unfolded flat, the concave portion 92a and the convex portion 92b of the substrate 
92 are engaged with each other by the press force of the rollers 94a, 94b. 

Embodiment 4 

[0062] Portions achieving the same functions as the first exemplary embodiment are 

denoted by the same numerals. In the embodiment, a fan face 14 is arranged such that when it is 
unfolded, it is made to a flat surface in place of a wave surface. The fan face 14 has an outer 
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peripheral portion 201 and an inner peripheral portion formed to concentric arcs about a passing- 
through shaft 16 constituting a pivot. Then, all the broken lines of the fan face 14 are arranged in 
a direction toward the passing-through shaft 16. With this arrangement, when the fan face 14 is 
unfolded, it can be made to a flat surface. As a result, an image formed on an image region A can 
be more easily observed. The other arrangement is the same as the first exemplary embodiment. 

Embodiment 5 

[0063] The fifth exemplary embodiment has the same arrangement as the third exemplary 

embodiment. Many strip-shaped rigid substrates 92 are disposed flat adjacent to each other, and 
a rectangular organic EL flat display 93 is joined onto the flat sheet. Magnets 97a are fixed to 
two portions of the respective adjacent side surfaces of adjacent substrates 92, and magnets 97b 
are fixed to two portions corresponding to the above two portions of the side surfaces. These 
magnets 97a, 97b are buried in concave portions formed to the confronting side walls of the 
respective substrates 92, 72. Then, the side wall surfaces of the substrates 92, 92 and the surfaces 
of the magnets 97a, 97b constitute the same surface. The confronting surfaces of these 
confronting magnets 97a, 97b are composed of a different magnetic pole so that attraction force 
acts to each other. As' a result, when the organic EL display 93 is unfolded to the outside of a 
case 90, the plurality of substrates 92 can be kept flat by the action of the magnets. That is, a 
series of the plurality of substrates 92 are formed to a flat surface and can be bent neither upward 
nor down. 

[0064] When the organic EL flat display 93 is taken up into the case 90, since bending 

force acts on the magnets 97a, 97b in a direction orthogonal to the attracting force by the action 
of rollers 94a, 94b and a turning shaft 96 shown in Fig. 12, these magnets can be easily bent 
against the attracting force. That is, force of the magnets is not applied in a direction orthogonal 
to the attracting force of them, a direction of the two magnets 97a, 97b can be easily changed. 
Note that the substrates 92 may be composed of a magnetic substance such as stainless steel and 
the like in place of resin. With this arrangement, joint force between adjacent substrates can be 
enhanced even if the magnets 97a, 97b have weak magnetic force. Although the magnets 97a, 
97b are used to parts of the substrates, they may be bonded onto the entire side walls of the 
substrates. Further, anisotropic rare earth bonded magnet (plastic magnet) may be used as the 
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magnets. In this case, a large amount of holding force can be obtained by a small amount of the 
light weight magnet. 

Embodiment 6 

[0065] The sixth exemplary embodiment has the same arrangement as the third exemplary 

embodiment. In the sixth exemplary embodiment, an organic EL flat display 99 is composed of a 
shape memory resin film 100 in place of the thin resin film 100 of Fig. 4 and arranged to have the 
same structure as that shown in Fig. 4. The organic EL flat display 99 has no substrate 92. As 
shown in Fig. 15, two rollers 98a, 98b and a turning shaft 96 are arranged as heating rollers. A 
nichrome wire, a lamp, and a Peltier effect device can be used to heat them. In the embodiment, 
the two rollers 98a, 98b, the turning shaft 96, and the thin resin film 100 are heated using a lamp 
85. When the organic EL flat display 99 is unfolded or taken up, the shape memory resin film 
100 is heated to a transition point temperature by heating the turning shaft 96 and the rollers 98a, 
98b. Thus, since the shape memory resin film 100 is softened by being heated, its shape is easily 
changed along the circular shape of the roller 98a and the turning shaft 96. As described above, 
the shape memory resin film 100 can be taken up around the turning shaft 96 and accommodated 
while changing its shape. 

[0066] Further, when the shape memory resin film 100 is unfolded, the turning shaft 96 

and the rollers 98a, 98b are heated likewise, thereby the shape of the shape memory resin film 
100 is easily changed so that it can be unfolded by human power. The shape memory resin film 
100 is unfolded into a flat state as well as keeps this state by being cooled. With this action, the 
organic EL flat display 99 can be made to a fixed flat sheet, thereby an image recognizing 
property is greatly enhanced, and the display can be easily handled when it is used. Further, 
when the organic EL flat display 99 is accommodated, it can be easily taken up because its shape 
can be easily changed. 

[0067] A shape memory alloy thin sheet may be used in place of the shape memory resin 

film 100. Since the organic EL flat display 99 has flexibility at an ordinary temperature by using 
the shape memory alloy thin sheet, it can be easily unfolded and accommodated. When the 
organic EL flat display 99 is heated by being supplied with power, in an unfolded state, it can be 
made to a flat state stored by the shape memory alloy thin sheet. Thereafter, even if the power is 
shut off and the organic EL flat display 99 is lowered to the ordinary temperature, since the shape 
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memory alloy thin sheet keeps the flat state unless unreasonable external force is applied, a flat 
surface keep property can be enhanced. As a result, there can be provided a flat image that can 
be easily observed. When the shape memory alloy is heated by the turning shaft and the rollers 
as described above, it is heated only when unfolded flat. Further, when an arrangement for 
disposing a heater on the back surface of the shape memory alloy thin sheet and supplying power 
to it is employed, the shape memory thin sheet is heated after it is unfolded flat. 

Embodiment 7 

[0068] In the seventh exemplary embodiment, accommodation by folding is employed in 

place of the accommodation by take-up of the sixth exemplary embodiment. As shown in Figs. 
16- A, B, four shaft- shaped fixed rollers 87, three shaft-shaped moving rollers 88, three springs 89 
for urging the moving rollers 88 in an X-axis direction, and a heater 86 are disposed in a case 90. 
As shown in the figures, an organic EL flat display 99 is alternately engaged with the respective 
rollers. The moving rollers 88 are disposed such that they are guided by a groove (not shown) 
formed on an inside wall of the case 90 in the X-axis direction and can be moved in the X-axis 
direction by the urging force of the springs 89. A left end of the organic EL flat display 99 is 
bonded to the leftmost fixed roller 87. With this arrangement, when the organic EL flat display 
99 is unfolded, it does not move in an unfolding direction. Although the heater 86 is an arbitrary 
heater such as a heater, a lamp, and the like, it is disposed on an inside wall at an upper end of the 
case 90. Fig. 16- A shows an accommodating state, and Fig. 16- A shows an unfolding state. 
When power is supplied to the heater 86 and the organic EL flat display 99 is heated, a thin film, 
which acts as a base of the display and is composed shape memory resin, is softened, thereby the 
three moving rollers 88 are moved in the X-axis direction by the urging force of the springs 89. 
With this operation, the organic EL flat display 99 is folded to a bellows state. Thereafter, when 
power to the heater 86 is shut off, the organic EL flat display 99 is cooled and keeps a shape of 
Fig. 16-A. 

[0069] When the organic EL flat display 99 is unfolded flat in use, power is supplied to 

the heater 86 so that the organic EL flat display 99 is heated and softened. In this state, when a 
grip 79 disposed at the right end of the organic EL flat display 99 is grasped and the display is 
pulled externally by human power, the moving rollers 88 are moved in a -X-axis direction 
against the urging force of the springs 89. Next, when the power to the heater 86 is shut off, the 
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organic EL flat display 99 is cooled and hardened, thereby it keeps an unfolded flat state as 
shown in Fig. 16-B. At the time, since a degree of hardeness of the thin film exceeds the urging 
force of the springs 89, the moving rollers 88 do not move in the X-axis direction. As a result, 
since the organic EL flat display 99 is fixed in the flat state, a sharp flat image can be obtained. 
[0070] Further, shape memory alloy is used for the thin film, and a state of the organic EL 

flat display 99 accommodated in the bellows state as shown in Fig. 16- A is set as a shape 
memory state at a high temperature. Since the shape memory alloy is soft at a room temperature, 
the organic EL flat display 99 can be unfolded to a flat state as shown in Fig. 16-B. Since the flat 
state is kept unless excessive force is applied, the organic EL flat display 99 can keep the flat 
state, thereby a sharp flat image can be obtained. When power is supplied to the heater 86 in 
accommodation, the organic EL flat display 99 returns to the stored state shown in Fig. 16- A, 
thereby it is accommodated in the case 90. 

[0071] On the contrary, it is also possible to make the shape stored state at a high 

temperature to an unfolded flat state as shown in Fig. 16-B. In this case, the organic EL flat 
display 99 can be unfolded flat by heating the heater 86 because the stored shape is restored. 
Then, the organic EL flat display 99 is used while supplying power to the heater 86 or at a room 
temperature by shutting off power. When power is shut off, it is sufficient to provide stoppers for 
stopping movement of the moving rollers 88 so that the urging force of the springs 89 does not 
act on the moving rollers 88 in the X-axis direction. That is, the moving rollers 88 are arranged 
to move forward and backward from the side wall surface of the case 90, and concave portions 
formed to end surfaces of the moving rollers 88 are engaged with the stoppers. In 
accommodation, no heating is carried out. The moving rollers 88 are disengaged from the 
stoppers and moved in the X-axis direction by the urging force of the springs 89, thereby the 
organic EL flat display 99 can be folded into the bellows state and accommodated. 

Embodiment 8 

[0072] A shape memory resin film and a shape memory alloy thin film may be used in 

place of the thin film of the first, second, and fourth exemplary embodiments. Then, a heater 
wiring may be disposed to the fan face 14 and supplied with power so that the fan face can be 
heated. Further, the intermediate ribs 15 may be arranged as a heater and supplied with power so 
that the fan face 14 can be heated. With this arrangement, when the fan face 14 is heated by 
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supplying power in a state that it is unfolded by human power, it can be unfolded into a stored 
flat surface, thereby the fan face 14 can transit from a wave shape to a flat surface. That is, the 
folds of the fan face 14 disappear. In this state, heating is stopped by shutting of power, and the 
fan face 14 is used as a display. When a folding operation of the fan face 14 is not carried out, 
the fan face 14 keeps a predetermined flat state even if a temperature drops unless external force 
is not applied thereto, and thus there is not any fault when the fan face 14 is used as the display. 
[0073] Next, the use of the fan face 14 is ended and the fan face 14 is accommodated in 

the bellows state, it is sufficient to fold the fan face 14 by applying external force to the main ribs 
12a, 12b so that the fan face 14 of the fan can be accommodated. Since the shape memory resin 
film and the shape memory alloy thin film have flexibility at a room temperature, they can be 
easily folded. As described above, when the fan face 14 is unfolded, since the flat state from 
which the wave shape disappears can be obtained, image quality can be enhanced. 
[0074] Further, when the thin film 100 is composed of the shape memory resin and super 

elasticity of the resin is used, the fan face 14 is cooled after it is unfolded into the flat state so that 
the wave shape disappears in a heated state, thereby the thin film 100 unfolded into the flat state 
is solidified and fixed. The fan can be accommodated by being folded into the bellows state 
while being provided with flexibility by heating. As described above, a problem of 
accommodation in a bent state and flatness in an unfolded state can be overcome. 
[0075] The modes of use of the shape memory alloy, shape memory resin, shape memory 

alloy fiber, shape memory resin fiber, and the like are only examples, and the present invention is 
by no means restricted to the modes of use. It is sufficient to realize transition between two 
shapes, that is, the bent shape and the flat shape according to the characteristics of these function 
materials. 
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